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Summary Patients affected by squamous cell carcinoma of the head and neck (HNSCC) show frequent occurrence of multiple cancers and
widespread precancerous lesions in the mucosa of the upper respiratory tract, a phenomenon known as field cancenzation. In this study, we
investigated the role of genetic instability in the development of HNSCC and in particular in tumour multiplicity phenomena of the upper
respiratory tract. For this purpose, we analysed microsatellite instability (Ml) and loss of heterozygosity (LOH) at 20 loci mapping on five
chromosomal arms in 67 HNSCC patients, 45 of whom had a single cancer and 22 had multiple primary tumours. The possible involvement
of the hMLH1 gene in genetic instability and as a potential target of 3p21 deletion phenomena in head and neck cancers was also
investigated. Our data indicate that mismatch repair-related genetic instability plays a minor role in the carcinogenesis of HNSCC and in
tumour multiplicity of the head and neck region. Moreover. our results exclude a role for the hMLH1 gene as a determinant of Ml and as a
specific gene target of deletion at 3p21 in HNSCC. We conclude that presumably other genetic mechanisms. such as those hypothesized for
Ml-negative hereditary non-polyposis colorectal cancer patients, may play a major role in the carcinogenesis of the mucosa of the upper
respiratory tract.
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Squamous cell carcinoma ofthe head and neck (HNSCC) is a rela-
tixely common neoplasm. in particular in the north of Italy and
France (Franceschi et al. 1991 ). accounting for 15% ofall tumours
(Bonadonna and Robustelli della Cuna. 1991). In a fraction
(10-25%) ofpatients affected by HNSCC. the mucosa ofthe upper
respiratory tract shows frequent occurrence of widespread precan-
cerous lesions and additional cancers diagnosed either synchro-
nously or metachronously (Schwartz et al. 1994). The occurrence
of multiple primary tumours (MPTs) in the aerodigestive tract has
been related to the phenomenon of field cancerization. according
to which the mucosa of predisposed individuals. after repeated
carcinogenic exposures. accumulates genetic alterations resulting
in the induction of multiple. independent malignant foci
(Slaughter et al. 1953).
Although alcohol and tobacco are the best known aetiological
factors for this neoplasm (Franceschi et al. 1990). familial clusters
of patients with HNSCC have also been described (Hara et al.
1988: Tashiro et al. 1988). suggesting that genetic factors mav
also contribute to the development ofthis type of tumour (Copper
et al. 1995). Peripheral blood lymphocytes from MTP patients
show increased mutagen sensitivity compared with single-cancer
patients. suggesting that the phenomena offield cancerization may
be related to a defect in the mechanisms ofDNA repair (Schantz et
al. 1990: Cloos et al. 1994). Mutations in the genes responsible for
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the DNA mismatch repair are associated % ith familial predisposi-
tion to cancer. In particular. midividuals wxith hereditary forms of
non-polyposis colorectal cancers (HNPCC syndrome) and a
proportion of patients with sporadic colorectal cancer carry muta-
tions at mismatch repair genes. such as hMLHI and hMSH2. that
result in an increased susceptibilitv to genetic instabilitx (Modrich.
1994). Microsatellite instability (MI) is one ofthe major effects of
genetic instabilitv and originates from a failure of the strand-
specific mismatch repair system to recognize and repair replica-
tion errors as a result ofslippage by strand misalignment at simple
repeated sequences or microsatellites (Richards and Sutherland.
1994). The fact that the spectrum of tumours dexveloped by
HNPCC syndrome patients includes neoplasms of the upper
aerodigestive tract (Lynch et al. 1988: Benatti et al. 1993: Lynch et
al. 1993). together with the observation that one of the major
mismatch repair genes (hMLHII) maps to 3p21. which is a region
commonly deleted in HNSCC (Maestro et al. 1993). supports the
hypothesis that defect in DNA repair may actually play a role in
field cancerization phenomena ofthe upper respiratory tract.
To investigate the role ofgenetic instability in H-NSCC develop-
ment. and in particular in the phenomena oftumour multiplicity of
the upper respiratory tract. 67 HNSCC cases. including 22 cases
with MPT. were analysed for MI at 20 loci. In this study. the
phenomenon of loss of heterozygosity (LOH) wxas also exaluated
as cases in wx'hich the size of the two alleles coincide as a conse-
quence ofMI may be misdiagnosed as LOH. Finally. the relevance
of hMLHI gene mutations was also investigated as a possible
determinant of MI and as a potential preferential target of the
deletions at 3p2l in carcinomas ofthe head and neck.
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Table 1 Main cinicopathological characteristics of HNSCC cases
Without Ml With Ml at one or two koi
Total cases 62 5
Mean age (years) 60 63
Sex (malemale) 54/8 4/1
Moderate drinker 37 3
Heavy drinker 19 2
No drinker 4 0
Moderate smoker 44 3
Heavy smoker 12 2
Non smoker 4 0
UICC grade
1 12
2 25 3
3 19 2
4 1
Ml, microsatellite instability: moderate drinker, < 1 of wine or equivalent in
alcohol per day; heavy drinker, > 1 of wine or equivalent in acohol perday:
moderate smoker, < 20 cigarettes per day; heavy smoker, > 20 cigarettes per
day. Smoking and aloholic data were avaiable for 65 patients. Grading data
were known for 62 patients.
Table 2 HNSCC patients with MPTs
Tumours analysed Ohw tunmours devepd
Cases Site Site
HN 2 Tongue Tongue
HN 5 Larynx Oesophagus,
bronchus
HN 7 Piriform sinus Oral cavity, oesophagus
HN 11 Piriform sinus Maxillary sinus
HN 14 Valleculae Piriform sinus
HN 19 Epiglottis Tongue
HN 20 Epiglottis Bronchus
HN 27 Retromolar trigone Glottis
HN 34 Tongue Piriform sinus
HN 40 Tongue Hypopharynx
HN 41 Palatine tonsil Thyroid
HN 47 Tongue Retrocricoarytenoideus
HN 50 Epiglottis Hard palate
HN 69 Hypopharynx Cardia
HN 90 Hard palate Hard palate. lip
HN 97 Glossopalatine region Oral cavity
HN 122 Epighottis Tongue, tongue
HN 143 Palatine tonsil Throat
HN 169 Throat Colon, pharyngoepiglottica
pJica
HN 170 Oral cavity Thyroid, tongue
HN 3 Tongue Gastric NHL
HN 26 Vocal cords Bladder
MATERIALS AND METHODS
Tumours and DNA
Matched tumour and corresponding normal mucosa were obtained
from 67 patients with primary HNSCC. Table 1 presents the
clinicopathological characteristics of these patients. Twenty-two
patients subsequently developed other tumours at different sites of
the upper aerodigestive tract. except cases HN 3 and HN 26. which
developed gastric non-Hodgkins's lymphoma (NHL) and bladder
cancer. respectively (Table 2). These multiple tumours were diag-
nosed as MPT according to clinicopathological criteria. In these
cases only the primary tumour was analysed.
All tissues were frozen in liquid nitrogen immediately' after
surgery and stored at - 80°C until extraction of DNA. Genomic
DNA was extracted by proteinase K digestion and phenol-chloro-
form extraction as described presiously (Maestro et al. 1996).
Ml analysis
In this study. we used 20 microsatellite markers on five chromo-
somes to analyse 67 HNSCCs for MI. Of these polymorphic
markers. 17 were dinucleotide repeat sequences. one was a
trinucleotide repeat sequence and the remaining two were
tetranucleotide repeat sequences.
Two were located on chromosome lp [DlS160 (Engelstein et
al. 1993) and L-myc (Makela et al. 1992)]. six on chromosome 3p
(D3S659. D3S1038. D3S1007. D3S1029. D3S966 and D3S647:
Maestro et al. 1993). one on chromosome 3q (GLUT-2: Granqvist
et al. 1991). one on chromosome 9p (D9S126: Fountain et al.
1993). nine on chromosome 13q (D13S141. D13S139. RBI.'0
VNTR. D13S165. D13S272. D13S268. D13S131. D13S128 and
D13S129: Maestro et al. 1996) and one on chromosome 19p (DM:
Wooster et al. 1994).
Polymerase chain reactions (PCRs) were carried out in 10 jl of
reaction volume with 10 pmol of each primer. 50 ng of genomic
DNA. standard PCR buffer. 2 jzsI of each dATP. dGTP. dTTP.
dCTP. 1 jCi [7P]dCTP (3000 Ci mmol-': Amersham. Aylesbury.
UK) and 0.25 units of Taq DNA polymerase (Promega. Madison.
WI. USA). PCR conditions were as follows: 30 cycles of denatu-
ration at 94°C for 30 s. annealing at 50-60'C for 30 s. and elonga-
tion at 72°C for 30 s. After amplification. 2 gl ofthe reaction were
mixed 1:1 with loading buffer (95% formamide. 20 mm EDTA.
0.05% bromophenol blue and 0.05% xylene cyanol). heat
denatured and then electrophoresed through a 6% polyacrylamide/
7 M urea gel. After electrophoresis. gels were vacuum dried and
autoradiographed. A sample was scored positive for MI whenever
somatic changes in the number of microsatellite repeat units or
additional new aHleles were obsersed in tumour DNA compared
with normal DNA. LOH was defined as a > 50% reduction in
intensity in one of the two alleles compared with those in normal
tissue. To exclude technical aberrations or contamination. all the
differences described between tumour and corresponding normal
mucosa were confirmed by separate. independent amplification of
different DNA preparations.
Reverse transcriptase (RT)-PCR and hMLH1 molecular
analysis
RNA was extracted (Maestro et al. 1996) from matched tumours
and corresponding normal mucosa obtained from 22 of the
HNSCC patients analysed for MI. and cDNA was synthesized and
examined for mutations in the entire coding region of the hMLHI
gene. These cases had already been characterized for the presence
of LOH at the 3p21.3 band and 15 showed LOH at this locus:
moreover. eight ofthese patients were carriers ofmultiple respira-
tory tract malignancies.
Single-strand cDNA was synthesized by oligodeoxythymidyl-
ate priming from 1 jg of total RNA using 25 units of AMV RT
(Promega) in a final volume of 20 gl. according to the manufac-
turer s instructions. After heat inactivation of the RT enzyme. the
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Table 3 Pnmers used for hMLH1 gene analysis
Fragment Nucleoties Primers
sie
2432 bp 1-2396 Sense 1:5'-CATCTAGACGTTTCCTTGGC3'
Antisense 1:5'AGTATMAGTCTTAAGTGCTGCTACC3'
190 bp 1-151 Sense 1:5'-GCATCTAGACGTTTCCTTGGC3
Antsense 2:5'-CAATCACTTGAATACTTG3'
290 bp 103-393 Sense 3:5TGATTGAGAACTG1TTAG3'
Antsense 3:5'GAGTAACTTGCTCTGTAT3'
296 bp 344-640 Sense 4:5TTACAAAGAAAACAGGCTG3'
Antsense 4:5'CCACGGTTGAGGCATTGG3'
195 bp 592-787 Sense 5:5'GAGAGACAGTAGCTGATG3'
Anbsense 5:5TGATGAAGAGTAAGAAGATGC3'
258 bp 682-940 Sense 6:5TGATAGAAATTGGATGTGAGG3'
Antisense 6:5'CTTCATGC1TTGTGGGGT3'
289 bp 894-1183 Sense 7:5'CAGTCCCCAGAAATGTGGA3'
Antisense 7:5'CATCAAAGCTTCTGTTCCCG3'
284 bp 1134-1418 Sense 8:5'CTATGCCCACCAGATGGTT3'
Antsense 8:5'TGTCTCTTTCTGGGGTTG3'
264 bp 1371-1635 Sense 9:5'AATGTCAGAGAAGAGAGG3'
Antsense 9:5'GGTTTGATGCTGTGCCAA3'
269 bp 1589-1858 Sense 10:5'CGTGGGCTGTGTGAATCC3'
Antsense 10:5'CAGCCTTCTTCTTCAGAA3'
319 bp 1806-2125 Sense 11:5TCCCAAAGAAGGACTTGCT3'
Antisense 11:5'GGAATGGAAGCCAGGCACT3'
315 bp 2081-2396 Sense 12:5'AGTCGACCCTCTCAGGCC3'
Antisense 1:5'AGTATAAGTCTTAAGTCTACC3'
Table 4 Cases with MI
Cases Loci with instabilityfloci analysed (locus)
HN 12 1/20 (D3S966)
HN 14a 2/20 (D3S1029-D3S1038)
HN 20a 2/20 (D3S647-DM)
HN 56 1/20 (D3S1038)
HN 151 1/20 (RB-20 VNTR)
aPabents who developed MPTs.
D3S1029
HN 14
T N
D3S1038
HN 14
T N
D3S647
HN 20
T N
DM
HN 20
T N
D3S1038 D3S966 RB.20 VNTR
HN56 HN12 HN151
T N T N T N
product was diluted 1:5. A 2-jl aliquot of the diluted c-DNA was
used directly for each PCR.
Molecular analysis ofthe hMLHI gene was performed by PCR-
single-strand conformation polymorphism (PCR-SSCP). using a
single strand ofcDNA as template. and PCR-direct sequencing. In
detail. the first PCR was carried out using a couple of sense 1 and
antisense 1 primers. This amplificate was used as a template for
subsequent PCR reactions using the other primers (see Table 3.)
PCR-SSCP was performed following a two-step procedure. A
first PCR was carried out in a 20-ji reaction using a2-gl aliquot of
cDNA. 20 pmol of sense 1 and antisense 1 primers. 200piM ofeach
dNTP. standard PCR-buffer (Promega). 0.1jIl (0.5 units) of Taq
polymerase (Promega). Reaction mixtures were heated to 95°C for
3 min and then cycled 40 times with denaturation at 95°C for 1 min.
annealing at 58°C for 1 mim and elongation at 72°C for 2 min.
In the second step. 1 gl of the first PCR (diluted 1:1000) was
reamplified in 10 jil of a reaction mixture containing 1 jCi of
[FP]dC`TP (3000 Ci mmol-' Amersham). 2 JIM of each dNTP and
10 pmol of sense and antisense primers (2-12). heated to 95°C for
3 min and then cycled 40 times with denaturation at 95 C.
annealing at 55°C and elongation at 72CC. each for 30 s.
An aliquot of 2 tl of the reaction was mixed with 2 gl of
formamide/EDTA/xylene cyanol bromophenol blue gel-loading
buffer, heat-denatured and loaded into an ultrahigh resolution
MNDE gel (mutation detection enhancement. AT Biochem.
Malvern. PA. USA). according to the manufacturer's instructions.
Run conditions were 500 V overnight and 1000 V at room temper-
ature with fan cooling for 5-7 h.
For PCR-direct sequencing. several independent 100-jl PCR-
reactions were performed with 100 pmol of each primer and 5 tl
of the first PCR (dilution 1:1000) as template. cycled 40 times.
purfied by 2% metaphor agarose (FMC) gel electrophoresis and
extracted by the QIAEX Gel Extraction kit (QIAGEN.
Chattsworth. CA. USA). DNA strand sequencing was performed
Figure 1 Microsatellite instability in squamous cell carcinomas of the head
and neck. N, normal DNA: T. tumour DNA. The novel alleles in the tumour
sample are indicated by the arrowhead. Top, cases HN 14 and HN 20
presented instability at two loci concurrentty. D3S1029 and D3S1038 for HN
14, D3S647 and DM for HN 20. Bottom, the other cases (HN 56. HN 12 and
HN 151) showed microsatellite instability at only one ofthe markers tested
-(D3S1038, D3S966 and RB.20VNTR) respectively
by the dideoxy termination method using a Sequenase kit (USB.
Cleveland. OH. USA). Reactions were loaded on 6%7c acn lamide/
7 Ni urea TBE gel and run for 60 min at 45 W.
RESULTS
The role ofgenetic instability in the development of HNSCC. and
in particular in the propensity to multiple malignancies in the
upperrespiratory tract. was investioated in 67 HNSCC cases. 22 of
which had MPT. by evaluating MI and LOH at 20 loci mapping to
chromosomes lp. 3p. 3q. 9p. 13q and l9p.
Genomic alterations compatible with MI and consistinc ofaddi-
tional novel alleles in tumour DNA compared with its normal
tissue counterpart were obsen-ed in only 5 out of67 cases analysed
(77c). No widespread microsatellite alterations w-ere detected.
Only two cases showed instability at two loci contemporarily
(HN 14 and HN 20: Table 4. Fioure 1). No correlation was found
between MI and clinicopathological characteristics such as tumour
stage. age at diagnosis and lifestyle habits (Table 1.)
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HN 11
T N
ii.^
D3S1007
HN 11
T N
D9S126
HN 12
T N
RB.20VNTR
HN 12
T N
DM
HN 5
T N
Figure 2 Representative examples of LOH in squamous cell carcinomas of
the head and neck. N, normal DNA; T, tumour DNA. Cases HN 11 and HN 5
are patients with multiple tumours. case HN 12 is a patient with single tumour
No significant difference in the frequency ofMI was detected in
MPT cases compared with cases with single cancer. In fact.
microsatellite alterations were observed in only 2 out of 22 (9%c)
patients with MFTs vs 3 out of 45 (7%) patients with a single
cancer (Table 5).
As MI may give nrse to apparent LOH as a consequence of the
convergence in size of two originally different alleles. we also
evaluated LOH at the same loci investigated for MI. No significant
difference in the frequency ofLOH at Ip. 3p. 9p. 13q and 19p was
detected between MPT cases and cases with single tumour (Table
5). LOH at lp was found in 3 of 19 (16%7) cases with MPTs vs 16
of 41 (39%) cases with single tumour. The 3p chromosomal arm
was lost in 17 of 22 (77%7) cases with MPTs vs 28 of 40 (70%)
cases with single tumour. The microsatellite marker D9S126 on
chromosome 9p appeared to have LOH in 5 of 13 (38%c) cases
with MPTs vs 17 of 39 (44N) cases with single tumour. Loss of
13q was found in 15 of 21 (71%7) cases with MiPTs -s 30 of44
(68%7c) other cases. The microsatellite marker DM on chromosome
19p showed LOH in 2 of 13 (15%7) cases with MPTs vs 4 of 30
(13%) cases with single cancer. Some representative cases with
LOH are reported in Figure 2. To evaluate the possible involve-
ment ofthe mismatch repairhMLHI gene in MI. and as a potential
preferential target of the deletions at 3p2l. 22 cases. including the
five cases showving MI. were analvsed for hMLHI gene mutations
by PCR-SSCP analysis and sequencing. Fifteen of these cases
presented LOH at 3p2l region and eight developed MPTs. The
analysis ofthe entire coding region ofthe hMLHI gene showed no
somatic or germline hMLHI mutations.
DISCUSSION
Genetic instabilitv as a determinant of propensity to single and
multiple malignancies ofthe upperrespiratory tract was investigated
in this studv. MI wvas detected in only 5/67 (71%) cases analysed.
indicating that defects in the mismatch repair mechanisms play a
minor role in the development of HNSCC. The frequency of insta-
bility was not significantlv increased in cases with MP1Ts in compar-
ison with cases with singyle cancer. Mficrosatellite alterations were
observed in only 2 out of22 (9%-) patients with MPTs vs 3 out of45
(7%) patients with a single cancer. Similarly. no significant differ-
ence was observed in the frequency of LOH at the same loci
between MPT and single primary tumour patients. A concordantly
higher frequency of deletion was observed at 3p. 9p and 13q.
whereas a relatively low frequency was detected at lp and l9p both
in patients with MPTs and in patients with singale tumour. This
indicates that genetic instability resulting in allele shift orgross dele-
tions does not account for the propensity to develop single or
multiple tumours in the upper aerodigestive tract. Accordingly. no
somatic or germline mutations at the entire coding region of the
hMLHI gene were detected in any of the cases analysed. also
indicatinc that hMLHJ is not the specific target of the deletion
phenomena at 3p2l in HNSCC.
The overall low frequency of MI detected in our series is in
agreement with previously published data reporting, MI in 6/91
(7%5) oral carcinomas (Ishwad et al. 1996). and in 5/56 (9%7)
HNSCCs (El-Naggar et al. 1995). A similar frequency has also
been reported in oesophageal cancer (Muzeau et al. 1997). a
tumour that shares histology and environmental risk factors with
HNSCC. A slightly higher frequency was reported by El-Naggar
et al (1996) and Field et al (1995) (15-30%c). The different
frequency may be related to features of the series as well as to
number and type of loci tested. In fact. it has been reported that
the frequency of instabilitv mav vbarv for different microsatellite
markers (Wooster et al. 1994). Interestingly. in Field's study a role
for MI was suagested in non-smoker HNSCC patients. Our series
included only four non-smoker patients and. although four cases
are insufficient to draw any conclusion. no MI was detected in
these non-smoker patients. Furthermore. unlike El-Naggar et al
(1996). who suggested that MI is involved in the late HNSCC
progression stages. no differences in terms of tumour stage. age at
diagnosis and lifestyle habits were obsenred betseen tumours with
MI and those without it.
Recently. Honi et al (1994) reported an association betmeen MI
and development of MPT in the gastroenteric tract. Our results.
in agreement with those reported by Shimada et al (1995) for
oesophageal cancer. suggest that presumably different molecular
mechanisms account for the tumour multiplicity phenomena in
different anatomic sites. In particular. if aenetic instability as a
result of mismatch repair defects seems to be a major event in the
genesis of sporadic and familial forms of gastroenteric tumours.
defects in these mechanisms play a minor role in the tumorigaenesis
of the mucosa of the upper aerodigestive tract. Our data do not
exclude that other forms of aenetic instabilitv may still be relevant
Table 5 Alterations at microsatellite markers in cases with MPTs compared with cases with single tumour.
No. of LOH LOH LOH LOH LOH
Ml (%) at 1p (%)- at 3p (%) at 9p (%) at 13q (%) at 19p (%)-
CaseswithMPTs 2/22(9) 3/19(16) 17/22(77) 5/13(38) 15/21 (71) 2/13(15)
Cases with single tumour 3/45 (7) 16/41 (39) 28/40 (70) 17/39 (44) 30/44(68) 4/30 (13)
No. of cases with Ml per cases analysed: aCases with LOH per informative cases.
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in the genesis of this type of tumour. In particular. it has been
suggested that other mechanisms controlling the integrity of the
genome but not related to the mismatch repair are likely to be
disrupted in the fraction of HNPCC patients that do not show MI
(Liu et al, 1996; Moslein et al, 1996). It will be interesting to
investigate the role of these mechanisms, once identified, in the
development of head and neck carcinomas and in the phenomena
offield cancerization ofthe upper aerodigestive tract.
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